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Abstract
Interventions based on applied behaviour analysis are considered evidence based practice for autism spectrum disorders. 
Due to the shortage of highly qualified professionals required for their delivery, innovative models should be explored, 
such as telehealth. Telehealth utilises technology for remote training and supervision. The purpose of our study was to sys-
tematically review the literature researching telehealth and ABA. We analysed intervention characteristics, outcomes and 
research quality in 28 studies and identified gaps. Intervention characteristics were: (1) research design (2) participants (3) 
technology (4) dependent variables (5) aims. Outcomes were favourable with all studies reporting improvements in at least 
one variable. Quality ratings were significantly low. Implications for future research and practice are discussed in light of 
identified methodological downfalls.
Keywords Applied behaviour analysis · Telehealth · Autism spectrum disorder
Autism spectrum disorder (ASD) is a neuro-developmental 
disorder categorised by impairments in social-communi-
cation and restrictions in behaviours or thought patterns 
(American Psychiatric Association 2013). Recent esti-
mates have suggested 1 in every 59 individuals now have 
a diagnosis of ASD (Centres for Disease Control and Pre-
vention 2018). The high prevalence and lifelong nature of 
the condition mean a large demand on services to support 
individuals spanning across health, social care and educa-
tion sectors. In the UK, the cost of these services have been 
estimated at £1.5 ($2.2) million across a lifetime (Buescher 
et al. 2014), making ASD the costliest medical condition to 
support (Knapp et al. 2009). More importantly, when com-
pared to neuro-typical individuals, individuals with ASD 
have been shown to score considerably lower on indicators 
of life-quality and are less likely to be in paid employment, 
have rewarding social lives or achieve full independence 
from their families (Howlin et al. 2004). This highlights the 
significance of providing successful yet cost effective inter-
ventions, which should be based solely upon sound empiri-
cal evidence and guided by current evidence based practice 
(EBP).
Research has indicated that best practice in autism inter-
ventions should involve strategies based upon the princi-
ples of applied behaviour analysis (ABA) (Makrygianni and 
Reed 2010; Reichow 2012; Reichow et al. 2018). ABA is an 
applied science aiming to determine environmental variables 
that shape socially significant behaviour and design inter-
ventions accordingly. Teaching strategies derived from these 
principles have been identified as EBP (e.g., early intensive 
behavioural intervention, discrete trial training, functional 
communication training, functional behavioural assessment, 
extinction, naturalistic intervention, pivotal response train-
ing and task analysis) (Wong et al. 2014).
However, the vast majority of European governments 
do not fund ABA-based provision; estimates suggest only 
a third of children with ASD currently access behavioural 
interventions across Europe (Salomone et  al. 2014). In 
the UK, where an ‘eclectic’ and often ill-defined selec-
tion of services is available, access to funded ABA can 
often be either a postcode lottery or a testament of parental 
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willingness to fight for services at tribunal (Dillenburger 
2011; Keenan et al. 2015).
Another barrier to successful ABA treatment is a lack 
of appropriately trained professionals. To qualify as a 
Board Certified Behaviour Analyst (BCBA©) individuals 
must complete Master’s level training in behaviour analy-
sis, undertake an extensive period of supervised practice 
and pass an exam (BACB 2014). Working under an appro-
priately qualified supervisor has been shown to correlate 
with implementation fidelity, therapist job satisfaction and 
positive child outcomes (Plantiveau et al. 2018; Whiteford 
et al. 2012; Eikeseth et al. 2008). Difficulties in accessing 
this expertise is very problematic. In the UK there are cur-
rently 314 BCBAs (BACB 2018); considering the number of 
individuals diagnosed with ASD is estimated to be 695,000 
(National Autistic Society 2017), the ratio of 1 BCBA per 
2213 individuals with ASD is worryingly small. These 
shortages are magnified in remote areas of the country, 
where the lack of local services results in parents travelling 
long distances to avail of the expertise of qualified profes-
sionals. Parents of children with ASD living in rural areas 
have shown lower levels of service satisfaction and greater 
difficulties in accessing professional expertise when com-
pared with their urban counterparts (Bulgren 2002; Mur-
phy and Ruble 2012), highlighting the need to update the 
existing service dissemination model. Whilst it is clear that 
ABA-based services present best outcomes for individuals 
with ASD, it is not clear how best to resolve the gap between 
needs and service access. Alternative models of intervention 
and training should be explored which may extend the reach 
beyond a traditional face-to-face model; telehealth has the 
potential to do this.
Telehealth is the use of communication technology to 
assist in education and treatment of health related condi-
tions. The availability of internet connections has been grow-
ing exponentially in recent years. Current estimates suggest 
that 88% of all people in the UK accessed the internet at 
some point in the last 3 months (Office of National Statistics 
2016). Researchers have capitalised on these advancements 
and demonstrated their usefulness for the delivery of health 
related interventions. These interventions utilise technology 
to provide remote communication, advice and training using 
tele-communications software and technology based train-
ing platforms. The application of telehealth has been inves-
tigated across numerous conditions, such as haemophilia, 
diabetes, heart disease and depression (Kessler et al. 2009; 
Webb et al. 2010), proving to be a promising advancement 
in healthcare government initiatives across the UK (Depart-
ment of Health 2011; Department of Health, Social Services 
and Public Safety, Department of Health Northern Ireland 
2011; Scottish Government 2011).
An initial examination of the literature indicated 
that there has been an emergence of a body of research 
investigating the use of telehealth to provide behaviour 
analytic provisions to individuals with ASD and the initial 
findings appear promising; telehealth was shown to reduce 
costs associated with providing behaviour analytic inter-
ventions by up to half (Horn et al. 2016; Lindgren et al. 
2015) and was viewed favourably by parents living in rural 
communities (Salomone et al. 2017). However, a more 
extensive review capable of identifying the scope, effec-
tiveness and limitations of using telehealth was required. 
To date there have been five published reviews summa-
rising the body of literature in this area, these reviews 
have either been too broad (Boisvert et al. 2010; Knutsen 
et al. 2016) or too narrow (Meadan and Daczewitz 2015; 
Neely et al. 2016; Parsons et al. 2017). The subsequent 
paragraphs will discuss the limitations of these reviews in 
more detail identifying why a specific systematic review 
in this area in warranted.
Current reviews have not focused specifically on ABA-
based interventions and have instead involved overarching 
reviews including research from wider fields, such as, educa-
tion, occupational therapy or speech and language therapy. 
Boisvert et al. (2010) included five ABA-based studies in 
an overarching review of telehealth based support for indi-
viduals with ASD and more recently Knutsen et al. (2016) 
identified 17 studies that utilised ABA-based interventions 
amongst a broader review of literature. The selected research 
investigated Functional Analysis (FA) and associated Func-
tional Communication Training (FCT) (e.g., Barretto et al. 
2006; Wacker et al. 2013a, b) or naturalistic teaching strate-
gies (e.g. Vismara et al 2009, 2012, 2013). Outcomes varied 
within and between studies and individual differences were 
apparent in interventionist implementation fidelity and child 
outcomes (e.g. Meadan et al. 2016; Vismara et al. 2013). 
Despite these reviews indicating that practical limitations 
can be overcome, an ABA specific review by trained behav-
iour analysts will allow for a unique analysis of the method-
ology and outcomes reported in selected research.
Past reviews have also been limited to research utilising a 
parent training approach only (Meadan and Daczewitz 2015; 
Parsons et al. 2017). Meadan and Daczewitz (2015) selected 
six studies for their review, five of which were ABA-based 
interventions. Outcomes indicated that telehealth was an 
effective platform for parent training, increasing both par-
ent’s knowledge and implementation skills. Parsons et al. 
(2017). ) reviewed research in using telehealth to conduct 
parent training in rural communities. The authors reviewed 
nine studies, all of which were behaviour analytic in nature, 
and concluded that, whilst parent training should be consid-
ered a crucial factor in intervention and has itself been iden-
tified as an EPB in the treatment of individuals with ASD 
(Wong et al. 2014), a more comprehensive review would 
provide a better insight into wider applications of telehealth 
across interventionists and beyond the home environment.
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The most recent review focused on procedural fidelity and 
only selected studies that contained this measure (Neely et al. 
2017). The authors concluded that all studies showed increases 
in interventionist implementation fidelity, demonstrating tel-
ehealth can be an effective platform. Admittedly, fidelity is an 
important factor for methodological rigor and high fidelity has 
been linked with optimal outcomes (Penn et al. 2007; Symes 
et al. 2006; Whiteford et al. 2012), however research focusing 
on outcomes for participants with ASD alone was overlooked.
Additionally, only one review to date investigated the qual-
ity of the included research (Parsons et al. 2017). Measures of 
research quality are essential as they allow for the assessment 
of research validity and indicate ability to minimise research 
errors and bias. Although Parsons et al. (2017) utilised a 
measure capable of simultaneously assessing the quality of 
multiple study designs, questions were more geared towards 
group designs and were somewhat subjective in nature (Kmet 
et al. 2004). Overall assignments of level of evidence were 
conducted using a separate grading system where single-sub-
ject research was automatically scored as the lowest level of 
evidence (National Health Medical Research Council 1999). 
ABA-based interventions are highly heterogeneous in nature; 
individuality of programming is prioritised over consistency of 
service between participants, allowing for optimal individual 
progress. Finding a quality rating capable of equitably com-
paring single subject and group research designs is paramount 
when assessing EBP. One such rating is the Evaluative Method 
for Evaluating and Determining Evidence-Based Practices in 
Autism (Reichow 2011; Reichow et al. 2008) which includes 
rubrics allowing to assess key indicators of quality in both 
single subject and group research designs. Scores on these 
rubrics can be combined to provide an overall level of EBP 
for the selected population.
The purpose of the current study is to systematically 
review and synthesise extant literature studying the effects 
of using telehealth to provide ABA-based provisions to indi-
viduals with a diagnosis of ASD. Main intervention com-
ponents and outcomes will be extracted and combined to 
provide an overall picture of research aims, procedures, par-
ticipants and effects. This will allow for analysis of success 
and identification of gaps in the literature. The Evaluative 
Method for Evaluating and Determining Evidence-Based 
Practices in Autism will be used to assess the methodologi-
cal rigor of each study leading to an overall estimation of 
the status of telehealth as an EBP for the provision of ABA 
services to individuals with ASD.
Method
Commencing in October 2017 with search dates ending in 
February 2018, we conducted a systematic search using four 
databases, ERIC, Medline, PsycInfo and Scopus. The review 
was conducted following the PRISMA checklist as a guide 
(Moher et al. 2009). Identified studies were screened by title 
and abstract, then merged with duplicates removed, followed 
by full text screening. Additionally, references of included 
studies and reviews on the topic were hand searched. A 
descriptive synthesis of eligible studies was then completed 
summarising the main objectives, variables and outcomes 
of each study. All selected studies were assessed for quality 
using standards set out by Reichow et al. (2008).
Search Terms
Search terms included Autis* OR ASD OR Asperger OR 
PDD-NOS OR Developmental Disabil* AND Telehealth 
OR Telemedicine OR Teleconferencing OR Telecare OR 
Elearn* OR Distance Learn* (Fig. 1).
Inclusion and Exclusion Criteria
For inclusion in the review, articles were examined against 
the following inclusion criteria: (1) peer review published 
journal article, (2) study involved telehealth technology 
in the provision of training, supervision or consultation to 
interventionists (parents or professionals) utilising behav-
ioural principles in the treatment or education of at least one 
participant with a diagnosis of ASD, Asperger’s or PDD, 
(3) study was original empirical research with quantitative 
data and a primary analysis of the effect of an intervention 
conducted via telehealth and (4) was written in the English 
language.
Studies were excluded from the review if: (1) they did 
not include original research, (2) telehealth technology did 
not include a two-way communication system with a profes-
sional, (3) participants without a diagnosis of ASD or PDD 
were included and outcomes for the participants with ASD 
were not reported in isolation from other diagnoses.
Data Extraction
Full texts of selected studies were reviewed and informa-
tion was extracted (Table 1). The following measures were 
examined in order to develop an overview of the main inter-
vention characteristics present in the research: (1) research 
design (2) participant characteristics (3) technology descrip-
tions (4) dependent variables (5) intervention characteristics. 
Additionally, efficacy outcomes were reported to determine 
the overall success of the interventions. Research quality was 
scored following a quality assessment (Reichow et al. 2008) 
to provide an indication of research rigor. Additional infor-
mation was collected, including measures of inter-observer 
agreement (IOA), generalisation and follow-up data.
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Reliability of Search Procedures and Inter‑coder 
Agreement (ICA)
To ensure internal validity within the review, the first and 
second authors independently assessed identified studies 
against inclusion and exclusion criteria. The two resulting 
lists of eligible studies were subsequently compared. ICA 
was calculated by dividing the total number of agreed eligi-
ble studies by the sum of all studies and multiplying by 100. 
A total number of two studies were disagreed upon leading 
to an ICA of 93%. Consensus was reached by discussing 
disagreements as a team leading to a final ICA of 100% 
Fig. 1  PRISMA diagram show-
ing search strategy
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on selected 28 studies. Likewise, ICA was calculated for 
the descriptive synthesis. The second coder scored 100% of 
selected studies across all extracted information. ICA was 
calculated by dividing the total number of agreed variables 
divided by total number of variables scored and multiplied 
by 100. There was a 92% agreement on coding. ICA was 
also calculated on the quality assessment at 96% following 
discussion on one disagreed study.
Efficacy Outcomes
Intervention outcomes were rated for efficacy on an ordinal 
scale of ‘Positive’, ‘Mixed’ or ‘Negative’. Visual analysis of 
graphed data was used for studies employing single subject 
research designs, while statistical testing was employed to 
determine outcomes of group designs. Studies were consid-
ered ‘positive’ if improvements were made by all partici-
pants across all dependent variables. They were considered 
‘Mixed’ if positive results were visible but did not apply to 
all dependent variables and ‘Negative’ if no improvements 
were made for any dependent variable.
Quality Assessment
Studies included in the review were independently assessed 
for rigor by the first and second authors using the stand-
ards created by Reichow et al. (2008). Disagreements were 
discussed with the third author. This assessment used two 
rubrics to measure research quality, one for group research 
and one for single-subject research. Both consist of meth-
odological elements deemed important for research rigor. 
Selected studies were assessed against the appropriate 
rubrics and an overall rigor rating was created using guide-
lines on how to synthesis rubrics ratings (Reichow et al. 
2011, p. 30). This process evaluated study quality across two 
levels of methodological features: primary and secondary 
indicators. Primary indicators were considered vital com-
ponents in research design in order to demonstrate validity. 
Secondary indicators were deemed as important but not vital 
components of research.
Primary indicators for group research included: partici-
pant characteristics, independent variables, comparison con-
ditions, and dependent variable (Table 2). Primary indicators 
for single subject research included: participant characteris-
tics, independent variables, baseline conditions, dependent 
variables, visual analysis and experimental control (Table 3). 
Secondary indicators for group research design included: (1) 
random assignment, (2), Inter-observer agreement (IOA), 
(3) blind raters, (4), fidelity, (5) attrition, (6) generalisation 
or maintenance, (7), effect size and (8) social validity. Sec-
ondary indicators for single subject research included: (1) 
inter-observer agreement (IOA), (2) kappa, (3), blind raters, Ta
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(4) fidelity, (5) generalisation or maintenance and (6) social 
validity.
A score sheet created by the authors was used to score 
each of the identified variables against the operational defini-
tions set out in Reichow et al. (2011). Each primary variable 
was scored as ‘High (H)’, ‘Acceptable (A)’ or ‘Unacceptable 
(U)’. Secondary indicators were scored as ‘evidence (E)’ or 
‘no evidence (N)’. Each score was then combined to give an 
overall quality rating for each study of ‘strong’, ‘adequate’ 
or ‘weak’. To receive an overall ‘strong’ rating, studies must 
have received a high rating for all primary indicators and 
meet four of the secondary indicators. An overall ‘adequate’ 
rating was awarded to a study that received a high rating for 
four primary indicators and meet two secondary indicators 
with no unacceptable ratings in primary indicators. A study 
received an overall ‘weak’ rating if it was awarded less than 
four high ratings in primary indicators and less than two 
secondary indicators. Final ratings of each study were amal-
gamated and assessed using the formula set out by Reichow 
(2011, p. 31), which allowed for an overall rating of EPB to 
be assigned to the field.
Results
According to the inclusion criteria, a total of 28 studies were 
deemed eligible and were incorporated in the descriptive 
synthesis with key data extracted and coded (Table 1). Each 
study was subsequently examined to determine its qual-
ity according to the indicators identified by Reichow et al. 
(2008). In the following sections, a summary of coded vari-
ables and quality measures is presented.
Study Design
All but two of the selected studies (Machalicek et al. 2009a; 
Wilczynski et  al. 2017) used an experimental research 
design, with the majority (64%; n = 18) employing a single 
subject research design and fewer employing a group design 
(28%; n = 8). Of the single subject research multiple baseline 
designs were utilised in 36% of studies (n = 10), as were 
multielement designs. Reversal designs were rarely used in 
the research (14%; n = 4).
Participants
Interventionist Participant
A total number of 293 interventionists were included in the 
28 studies. Of these, 68 were placed in a comparison group 
and did not undertake any training via telehealth, leaving 
225 interventionists in experimental groups across all stud-
ies. Of these, 86% (n = 194) were parents, 9% (n = 21) were 
direct front line staff, including ABA therapists, graduates 
working in university clinics and other associated profes-
sionals working in the field, and 4% (n = 10) were teachers.
Age and gender for the interventionists were reported 
rarely with only 25% (n = 7) of studies reporting both char-
acteristics (Bearss et al. 2017; Barkaia et al. 2017; Hig-
gins et al. 2017; Neely et al. 2016; Machalicek et al. 2010; 
Wacker et al. 2013a, b). Another 25% (n = 7) of studies 
reported neither age nor gender (Benson et al. 2017; Kura-
vackel et al. 2018; Machalicek et al. 2009a, b; Simacek 
et al. 2017; Suess et al. 2016; Vismara et al. 2009). Gender 
alone was reported in 39% (n = 11) of studies (Barretto et al. 
2006; Gibson et al. 2010; Ingersoll et al. 2016; Ingersoll and 
Berger 2015; Machalicek et al. 2016; Meadan et al. 2016; 
Vismara et al. 2012, 2013, 2016; Wainer and Ingersoll 2015; 
Wilczynski et al. 2017). Age alone was reported in 11% 
(n = 3) of studies (Suess et al. 2014; Lindgren et al. 2015; 
Heitzman-Powell et al. 2014).
In studies where interventionist demographics were 
reported, a total of 97 females and 14 males took part in the 
research. The average age of interventionists was 31.7. Few 
participants had previous experience implementing behav-
ioural analytic procedures (14%; n = 16).
Participants with ASD
A total of 307 participants with ASD took part in the 28 
studies. Of this, 76 were allocated to a control or compari-
son group and did not receive telehealth interventions, leav-
ing 231 participants in telehealth experimental groups. Of 
these 57%, (n = 231) took part in group research, while 42% 
(n = 96) were included in single subject research designs and 
2% (n = 4) were included in studies that did not operate an 
experimental research design.
Age and gender of participants with ASD were reported 
more frequently than for interventionists, with both varia-
bles being reported in 75% (n = 21) of studies (Barretto et al. 
2006; Barkaia et al. 2017; Bearss et al. 2017; Benson et al. 
2017; Gibson et al. 2010; Higgins et al. 2017; Ingersoll and 
Berger 2015; Kuravackel et al. 2018; Lindgren et al. 2015; 
Machalicek et al. 2009a, b, 2010, 2016; Meadan et al. 2016; 
Neely et al. 2016; Simacek et al. 2017; Suess et al. 2014, 
2016; Vismara et al. 2016; Wilczynski et al. 2017). Only 3% 
(n = 1) of studies did not report any information about the 
age or gender of participants with ASD (Heitzman-Powell 
et al. 2014). Participants’ age was stated in 21% (n = 6) of 
studies in which gender was omitted (Vismara et al. 2009, 
2012, 2013; Wacker et al. 2013a, b; Wainer and Ingersoll 
2015), while no studies reported gender in isolation.
Diagnostic tools used to provide the participants with 
their diagnoses of ASD or PDD-NOS were reported spo-
radically throughout the literature. Of the demographics 
reported for participants with ASD, 93 were male and 61 
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were female. The average age from each study where age 
was reported was 4.73 years with the range being 1.75–16 
years’ old.
Intervention Characteristics
Categorisation of Intervention Aims
Studies included in this review were organised according to 
the intervention techniques used (Fig. 2). The largest cate-
gory was functional analysis (FA) and subsequent functional 
communication training (FCT), with 43% (n = 12) of studies 
investigating these topics (Barretto et al. 2006; Benson et al. 
2017; Gibson et al. 2010; Lindgren et al. 2015; Machalicek 
et al. 2009b, 2010, 2016; Simacek et al. 2017; Suess et al. 
2014, 2016; Wacker et al. 2013a, b). Techniques derived 
from naturalistic and incidental teaching were employed 
in 36% (n = 10) of studies (Barkaia et al. 2017; Ingersoll 
et al. 2016; Ingersoll and Berger 2015; Meadan et al. 2016; 
Neely et al. 2016; Vismara et al. 2009, 2012, 2016; Wainer 
and Ingersoll 2015). Behaviour support strategies, including 
positive behaviour support were investigated in 7% (n = 2) 
of studies (Bearss et  al. 2017; Kuravackel et  al. 2018). 
Training participants to conduct preference assessments 
was examined in 7% (n = 2) of studies (Higgins et al. 2017; 
Machalicek et al. 2009a). The final two studies focused on 
comprehensive training packages designed to provide par-
ticipants with an overview of behaviour analytic principles 
(Heitzman-Powell et al. 2014; Wilczynski et al. 2017).
Training Characteristics
When examining eligible studies, it was apparent that sev-
eral commonalities occurred across training techniques and 
platforms used. These included technology-based train-
ing and video-conference sessions that provided coaching. 
Coaching was defined as providing individualised training 
and feedback regarding the implementation of the interven-
tion of choice; this could be conducted via telephone, email 
or video-conferencing. Feedback on performance was deliv-
ered live or retroactively using recorded footage. Coaching 
was used as a standalone training strategy 25% (n = 7) of 
studies (Barretto et al. 2006; Benson et al. 2017; Lindgren 
et al. 2015; Machalicek et al. 2009b, 2016; Simacek et al. 
2017; Suess et al. 2016).
Technology-based training involved the utilisation of 
technology to provide interventionists with the theoreti-
cal background knowledge of procedural techniques in 
preparation of intervention commencement. Twenty stud-
ies included a technology based training components were 
included in 71% (n = 20) of studies. Written instructions, 
websites including interactive modules, a training DVD, 
manuals or with video-conferenced didactic training were 
utilised to provide this training. Equipment included laptops, 
cameras, scanners and commercially available videoconfer-
encing software. A hybrid approach including coaching and 
technology-based training was undertaken in 75% (n = 21) of 
studies (Barkaia et al. 2017; Bearss et al. 2017; Gibson et al. 
2010; Heitzman-Powell et al. 2014; Higgins et al. 2017; 
Ingersoll and Berger 2015; Ingersoll et al. 2016; Kuravackel 
et al. 2018; Machalicek et al. 2009a, 2010; Meadan et al. 
2016; Neely et al. 2016; Suess et al. 2014; Vismara et al. 
2009, 2012, 2013, 2016; Wacker et al. 2013a, b; Wainer and 
Ingersoll 2015; Wilczynski et al. 2017).
Dependent Variables
Results indicate that 69% (n = 19) of studies measured vari-
ables for both interventionists and participants with ASD, 
11% (n = 3) of studies measured interventionist behaviour 
alone. All studies that measured interventionist behaviours 
included a measure of procedural fidelity via task analysis, a 
fidelity checklist or video-recorded probes. Knowledge tests 
were used in 14% (n = 4) of studies and these scores were 
compared to pre-intervention scores to determine the effect 
of the intervention (Heitzman-Powell et al. 2014; Ingersoll 
and Berger 2015; Wainer and Ingersoll 2015; Wilczynski 
et al. 2017).
Child behaviour was measured alone in 21% (n = 6) of 
studies and 68% (n = 19) of studies measured participant 
with ASD variables alongside interventionist variables. Data 
collection for child behaviours was conducted via video-
recorded probes or questionnaires and standardised tests. Of 
these, 50% (n = 14) of studies measured individualised prob-
lem behaviour as part of an FA to assess function or teach 
replacement behaviour (e.g. FCT). Examples of the indi-
viduals’ challenging behaviour include elopement (Gibson 
FA+FCT
43% (n = 12)
Natrualistic
36% (n = 10)
Preference 
Assessment 
7% (n = 2)
Comprehensive 
7% (n = 2)
Behaviour 
Support
7% (n = 2)
Fig. 2  Proportion of studies completing research in each intervention 
category
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et al. 2010), self-injurious behaviour and screaming (Benson 
et al. 2017), noncompliance and property destruction (Bar-
retto et al. 2006). From the remaining studies, 43% (n = 12) 
investigated increases in social-communication responses 
(Barkaia et al. 2017; Benson et al. 2017; Ingersoll et al. 
2016; Lindgren et al. 2015; Meadan et al. 2016; Neely et al. 
2016; Simacek et al. 2017; Suess et al. 2016; Vismara et al. 
2009, 2012, 2013, 2016) All studies attempted to teach chil-
dren to request using either an alternative communication 
system (e.g., touching or handing over a communication card 
to access a tangible; Benson et al. 2017) or vocalisations 
(e.g., providing echoic prompts in contrived communica-
tion opportunities to increase child vocal requesting; Barkaia 
et al. 2017). Other facets of social communication measured 
including joint-attention and initiation of communication 
(e.g., Neely et al. 2016).
The final dependent variable measured in the research 
was imitation skills. This was included in 18% of studies 
(n = 5) (Vismara et al. 2009, 2012, 2013, 2016; Wainer and 
Ingersoll 2015) all five studies trained parents in naturalis-
tic teaching techniques and attempted to increase children’s 
imitation skills in play based or fun situations.
Efficacy Outcomes
Results of efficacy (Fig. 3) show that 61% (n = 17) of stud-
ies were rated as ‘positive’ in which improvements were 
achieved by all participants across all dependent variables 
(Barretto et al. 2006; Benson et al. 2017; Gibson et al. 2010; 
Higgins et al. 2017; Ingersoll and Berger 2015; Ingersoll 
et al. 2016; Lindgren et al. 2015; Machalicek et al. 2010, 
2009b; Neely et al. 2016; Simacek et al. 2017; Suess et al. 
2016; Vismara et al. 2009, 2012, 2016; Wacker et al. 2013a, 
b). A closer examination reveals that 36% (n = 10) of stud-
ies employed FA + FCT procedures (Barretto et al. 2006; 
Benson et al. 2017; Gibson et al. 2010; Lindgren et al. 
2015; Machalicek et al. 2009b, 2010; Simacek et al. 2017; 
Suess et al. 2016; Wacker et al. 2013a, b) demonstrating a 
clear behaviour function for each participant and showing 
decreases in challenging behaviour following FCT; in terms 
of procedural fidelity, this was established for all interven-
tionists. Of studies focusing on naturalistic teaching, 35% 
(n = 6) were also scored as positive (Ingersoll et al. 2016; 
Ingersoll and Berger 2015; Neely et al. 2016; Vismara et al. 
2009, 2012, 2016), achieving an increase in interventionist 
knowledge or fidelity alongside improvements in child social 
communicative behaviour or imitation responses. The final 
positively scored study included a preference assessment 
(Higgins et al. 2017) and indicated a positive relationship 
between telehealth training and the correct implementation 
of preference assessment procedures.
Overall, 32% (n = 9) of studies received a ‘mixed’ efficacy 
rating (Barkaia et al. 2017; Bearss et al. 2017; Machalicek 
et al. 2016; Meadan et al. 2016; Suess et al. 2014; Vismara 
et al. 2013, 2016; Wainer and Ingersoll 2015; Wilczynski 
et al. 2017). For example, 44% (n = 4) of these studies found 
improvements in interventionist treatment fidelity across all 
participants but failed to increase scores of social commu-
nication or imitation behaviours consistently across par-
ticipants (Meadan et al. 2016; Wainer and Ingersoll 2015; 
Vismara et al. 2013). None of the 28 studies included in this 
review received a ‘negative’ rating.
Quality Assessment
Of the eight studies employing a group research design, 
all (n = 8) received an overall weak quality rating (Fig. 4). 
Of the 71% (n = 20) of studies employing a single subject 
research design (Fig. 5), 5% (n = 1) received an overall ade-
quate quality rating; the remaining 95% (n = 19) received 
an overall weak quality rating. An overall rating for each 
study can be found alongside individual indicator ratings in 
Tables 2 and 3.
The research scored highly on several primary indica-
tors, including both the dependent and independent vari-
ables, which were described thoroughly with replicable 
precision in 100% of single subject and group research. 
In group research links to past research were successfully 
made in 100% of studies meaning they provided strong links 
between the original research questions and the analysis of 
the data established in their studies. Comparison groups, 
when present, were described with high replicable detail 
in 50% (n = 4) of studies and with some details emitted in 
25% (n = 2). The remaining studies operated a within group 
design and did not include a comparison group to describe. 
Statistical analyses were also completed to a high standard 
in 75% (n = 6) of studies (Bearss et al. 2017; Ingersoll and 
Berger 2015; Ingersoll et al. 2016; Kuravackel et al. 2018; 
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Lindgren et al. 2015; Vismara et al. 2016) as all contained 
sample sizes > 10 participants per group and conducted 
appropriate statistical analysis across dependent variables.
However, high scores were not evident across all indi-
cators. In single subject research design studies only 10% 
(n = 2) for studies were rated highly for baseline (Gibson 
et al. 2010; Wainer and Ingersoll 2015), meaning they had 
three measurable data points, were described in replicable 
details, appeared to be stable and did not include any trends, 
including counter therapeutic trends. An additional 35% 
(n = 7) were rated as ‘Acceptable’ as more than 50% but less 
than 100% of baselines in the study met the above criteria 
(Barkaia et al. 2017; Meadan et al. 2016; Neely et al. 2016; 
Simacek et al. 2017; Vismara et al. 2012, 2013; Wacker 
et al. 2013b). 55% of studies (n = 11) were rated as having 
unacceptable baseline conditions. Despite conditions being 
accurately described and for the most part containing three 
data points, many failed to show stable levels or trends.
For both single subject and group research to be rated 
‘High’ for participant characteristics studies needed to report 
information on participant age, gender, diagnostic instru-
ment, interventionist characteristics and scores on stand-
ardised tests if applicable. As many of the studies included 
measures of both interventionist and participants with ASD 
behaviour both were considered as participants for the pur-
pose of this review. Overall only 11% (n = 3) of the studies 
were rated highly. This means they reported information on 
participant age, gender, diagnostic instrument, intervention-
ist characteristics and scores on standardised tests if appli-
cable. An ‘Acceptable’ rating was awarded to 15% (n = 3) of 
studies, as they provided demographics on all participant’s 
age and gender, and provided standardised test scores. The 
remaining 79% (n = 22) of studies all met the ‘Unacceptable’ 
rating, where age and gender for both the individual with 
ASD and the interventionists was not reported consistently.
The overall quality ratings for each study were combined 
to allow for an overall rating of EPB to be given to the field. 
Using the formula suggested by Reichow et al. (2011) the 
amount of ‘high’ and ‘adequate’ studies were combined to 
provide an overall score for the field, which due to meth-
odological omissions discussed was designated as ‘Not an 
Evidence Based Practice’.
Discussion
The purpose of this review was to (a) identify and categorise 
key intervention properties and procedures used in research 
using telehealth to provide behaviour analytic provisions to 
individuals with ASD, (b) to assess the overall outcomes of 
selected studies both in the success of the training proce-
dures and the outcomes for individuals with ASD, and (c) 
to examine the quality of selected research. It is the aim of 
the review that it can be used to guide future research and 
practice by identifying successful procedures and highlight-
ing methodological flaws.
Findings from the synthesis of 28 studies suggested that 
telehealth can be an acceptable platform for behaviour ana-
lytic interventions and assessments. A total of 293 interven-
tionists were trained across studies providing intervention 
to 307 individuals with ASD. Outcomes indicate positive 
gains across participants with 100% of studies (n = 28) 
studies reporting improvements in at least one dependent 
variable and 61% (n = 17) of studies reporting favourable 
outcomes across all dependent variables. None of the 28 
studies met sufficient quality indicators to be determined 
as of ‘high’ quality and only one study was determined as 
being of ‘adequate’ quality. The remaining 96% (n = 27) of 
studies were rated as ‘weak’. Due to what we consider are 
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minor methodological flaws, an overall rating of ‘not an evi-
dence-based practice’ was assigned to telehealth as a means 
of providing ABA-based interventions. Although positive 
outcomes were achieved for involved participants, there is 
a demand for further high quality research that can adhere 
to a rigorous methodological structure. Each of the research 
aims will now be discussed in more detail.
The first aim of this review was to synthesise and catego-
rise intervention aims and procedures. A variety of ABA-
based procedures were targeted within the literature: FA and 
FCT, naturalistic teaching, preference assessments, behav-
iour support and comprehensive programs. The numbers of 
studies in each category were not evenly distributed, most 
studies investigated FA and FCT procedures (43%; n = 12) 
or naturalistic teaching (39%; n = 11). Research on using 
telehealth to conduct comprehensive treatment is lacking. 
Only 7% (n = 2) of selected studies were categorised as 
‘comprehensive’ (Heitzman-Powell et al. 2014; Wilczynski 
et al. 2017), but both had methodological downfalls. Using 
telehealth to oversee comprehensive packages is a vital area 
for future research with potentially significant practical 
implications. Two other key ABA-based teaching strategies 
were overlooked in the research: Discrete Trial Training 
(DTT) and functional/daily living skills training. DTT is 
highly repetitious and includes very structured arrangements 
of consequences and antecedents. It has been shown to suc-
cessfully teach skills to children with ASD across devel-
opmental domains such as, communication, imitation and 
self-care (Sheinkopf and Siegel 1998). DTT implementation 
requires technical knowledge and success is linked to good 
training procedures (Symes et al. 2006). On the other hand, 
DTT has been criticised as teaching skills that present a lack 
of generality into typical, ecologically relevant settings. Fur-
ther research is needed to determine its suitability through 
a telehealth model.
Conversely, functional/daily living skills may be ideally 
suited. Strategies of task analysis and chaining are used to 
systematically teach ‘chains’ of behaviours found in eve-
ryday tasks, such as brushing teeth or preparing a snack. 
These methods have a strong empirical base, have been 
recognised as evidence-based practice (Wong et al. 2014) 
and have been demonstrated using a parent training model 
(Kroeger and Sorensen 2010), highlighting their generality 
and social validity. It is therefore relatively surprising that 
research into using telehealth to conduct this training is not 
forthcoming and future research in this direction is needed.
A total of 71% (n = 20) of studies included an initial train-
ing period. Initial training has been recognised as a key com-
ponent in achieving procedural fidelity in behaviour analytic 
practice (Denne et al. 2015; Symes et al. 2006). Researchers 
have translated proven face–face training techniques onto a 
telehealth platform, such as modelling of procedures, prac-
tice using role play and tests of knowledge (Fetherstone and 
Sturmey 2014; Miltenberger 2004). All 28 studies incor-
porated a live coached component, in addition to initial 
training or as a stand-alone training procedure. Once again, 
proven training techniques were utilised, such as modelling 
appropriate behaviour, error correction procedures and per-
formance feedback. Due to using a combination of training 
variables it was not possible to isolate the most success-
ful training components. Future researchers may consider a 
component analysis to assess the best type of training and 
avoid unnecessarily waste of resources.
Information regarding the type of technology was limited 
within the research with only a small number of studies pro-
viding extensive information on this aspect. Video confer-
encing software used to conduct didactic training and video 
coaching was often free to access and readily available, e.g., 
Skype, Viber or iChat. Hardware such as personal comput-
ers, web cameras or tablets were often reported as family’s 
own or pre-existing in the intervention centre. Initial training 
was conducted via a website in eight studies, where website 
training was utilised this was often already available from 
previous research, such as the Early Start Denver Model 
training website (e.g. Vismara et al. 2016).
The review synthesised participant information. By 
determining who can be trained to carry out interventions 
and who is likely to benefit from them, the scope of the 
telehealth model can be revealed. A total of 225 interven-
tionist participants took part. Participants were employed 
in a number of different sectors: health, education, research 
and social care or were family members, primarily parents 
of the participants with ASD. This synthesis demonstrates 
the capacity of telehealth to train and supervise a multi-
disciplinary team, highlighting the potential of the telehealth 
model amongst the reality of current ASD services in the 
UK, where interdisciplinary teams working together to 
plan provision is common practice (Department of Educa-
tion, Department of Health 2015; Department of Education 
Northern Ireland 2005).
The largest proportion of studies (64%; n = 18) used par-
ent training to support the provision of home-based interven-
tion or assessments. The National Research Council (NRC) 
dictates that parent involvement is a fundamental component 
of effective ASD intervention (NRC 2001). Parent training 
and subsequent intervention implementation has been identi-
fied as evidence-based practice (EBP), as long as treatment 
fidelity can be achieved (Wong et al. 2014). The outcomes 
of this review indicate that fidelity can be achieved using a 
telehealth model and combination of telehealth and parent 
training has a promising future.
The age of participants with ASD ranged from 
1.75–16 years, with the majority of participants being under 
6 years old. Current research trends indicate that young age 
is a crucial predictor of success in behavioural interven-
tions (Perry et al. 2011). The UK government initiatives 
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have highlighted early intervention as a crucial focus for 
future research (National Institute for Health Research 
2017). The application of telehealth with this age cohort is 
very promising, enabling parents to receive training prior to 
the commencement of educational services could be key in 
future service models. Despite the promising prospects of 
early intervention, the research is limited to this narrow age 
range. Prior research shows that ABA-based intervention can 
have great success with both a teenage and adult age cohort 
(Bennet and Dukes 2013; Koegel et al. 2014; Santiago et al. 
2016). Future research might focus on the application of 
these interventions with an older age group allowing for a 
greater concept of the scope of telehealth.
The second aim of the review was to assess the outcomes 
of the research in order to determine if the interventions 
were successful. An overview of selected research indicates 
at least some favourable outcomes in all 28 studies. Out-
comes were measured for both interventionists and partici-
pants with ASD and varied depending on intervention aims 
and category.
A total of 75% (n = 21) of studies collected data on at 
least one measure of interventionist behaviour. All but one 
collected data on procedural fidelity. Measures of fidelity 
have been shown to correlate with best outcomes for child 
participants (Penn et al. 2007; Symes et al. 2006; Whiteford 
et al. 2012). All 21 studies showed improvement in pro-
cedural fidelity for all participants involved. However, one 
study (Barkaia et al. 2017) reported improved measures of 
fidelity but still achieved a relatively low fidelity level of 
around 60% which would not be considered widely accept-
able. Several other studies reported the need to perform ‘top 
up’ training in order for agents to reach pre-set fidelity cri-
teria. Despite these few discrepancies, the literature does 
demonstrate the capabilities of telehealth and goes some 
way to answering the pertinent question of whether behav-
iour analytic provisions can be delivered via a telehealth 
with appropriate levels of fidelity to ensure best outcomes. 
Additional studies should also focus on collecting fidelity on 
the coach’s procedures whilst training interventionists, this 
data was collected by a small number of studies (e.g. Neely 
et al. 2016) and allows for a tertiary level of data collection 
to ensure a greater level of procedural integrity across all 
levels of the research.
Data on outcomes of participants with ASD were col-
lected in 85% (n = 24) of studies. Measures differed based 
upon the intervention category but as a whole improvement 
was less consistent than measures of fidelity for interven-
tionists. Measures of challenging behaviour were collected 
in 50% (n = 14) of studies, social-communication responses 
were collected in 46% (n = 13) of studies and motor imitation 
was measured in 17% (n = 5). Overall, there was improve-
ment in target behaviour across studies, although several 
studies observed little or no improvements in some but not 
all participant outcomes (e.g. Barkaia et al. 2017; Macha-
licek et al. 2016; Meadan et al. 2016; Suess et al. 2014; 
Vismara et al. 2013; Wainer and Ingersoll 2015). A greater 
proportion of naturalistic interventions were rated as mixed 
when compared to FA + FCT studies (45% vs. 17%). For 
example, Barkaia et al. (2017) found clear gains in mand and 
echoic behaviour in one out of three participants. Whether 
this was a result of individual differences or a failure of the 
telehealth model remains to be seen, although as mentioned 
earlier this study reported low levels of therapist fidelity. In a 
similar study Neely et al. (2016) were able to achieve a high 
rating of fidelity across therapists and increased manding 
for all participants with ASD. This was the only study to 
be rated as of ‘adequate’ quality. Individual differences in 
outcome success have often perplexed ABA researchers. On-
going research aims to identify factors which may predict 
success (Mudford et al. 2009; Perry et al. 2011; Whiteford 
et al. 2012). This area is somehow explored in several of the 
group design studies included in this review (e.g. Ingersoll 
et al. 2016; Vismara et al. 2009, 2016) but further research 
is needed in this area.
The final aim of the present systematic review was to rate 
the methodological quality of the existing body of evidence. 
All 28 eligible studies were assessed against the research 
quality indicators developed by Reichow et al. (2008). Over-
all ratings of quality were low and telehealth-based applica-
tions of ABA are currently deemed to have a status of ‘Not 
an EBP’.
In the single subject research design studies, more than 
half of the studies (39%; n = 11) were rated as having unac-
ceptable baseline conditions. Despite conditions being 
accurately described and for the most part containing three 
data points, many failed to show stable levels or trends. This 
is perhaps a result of the applied nature of the research in 
which it is not always practical or even possible to wait for 
stable trends of baseline responding. Future research should 
aim to establish a stable baseline level, so that it can provide 
a stronger demonstration of a functional relation between the 
intervention and behaviour change and higher levels of inter-
nal validity. Pre-planning resources so as to enable extension 
of baseline if stable levels of behaviour are not achieved in 
the first three data points should be conducted.
Experimental control was demonstrated to an acceptable 
level in 13 studies; similarly, 14 studies were adequate for 
visual analysis. Research deemed unacceptable failed to 
demonstrate experimental control as visual analysis showed 
an unacceptable level of overlapping data or absence of three 
instances of experimental control. Future studies should 
ensure that these essential aspects are present by increasing 
participants or replications.
The participant demographic indicator achieved the low-
est score, with 79% (n = 22) of studies being deemed unac-
ceptable. Only two studies were rated highly in this indicator 
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(Neely et al. 2016; Wacker et al. 2013a) and age and gender 
of interventionists was rarely reported. Detailed demograph-
ics allow for the generalisation and replication of findings; 
by omitting this information, researchers undermine external 
validity. It is vital that future research reports detailed demo-
graphics of both interventionists and participants, including 
level of education and experience and diagnosis and pre-
intervention assessment respectively. Future researchers 
should consider providing all participant demographics for 
both the participants with ASD and the interventionists. This 
should include age and gender, pre assessment tools and 
previous experience. High methodological rigor in this area 
is demonstrated by the three studies within this review that 
scored highly on the participant indicator (Bearss et al. 2017; 
Neely et al. 2016; Wacker et al. 2013a).
Omission of age or gender was quite often the limiting 
factor restricting quality ratings across studies amongst both 
single subject research design and group research design. If 
participant details had been reported even to an adequate 
standard, three additional group design studies and two addi-
tional single subject studies would have gained an overall 
quality rating of ‘adequate’ (Gibson et al. 2010; Ingersoll 
et al. 2016; Kuravackel et al. 2018; Lindgren et al. 2015; 
Simacek et al. 2017) and one group design study would have 
achieved a ‘strong’ rating (Vismara et al. 2016). With this 
in mind the formula for determining EBP can be reapplied 
(Reichow 2011, p. 34). The research would now be provided 
with a higher score (z = 79), which would in turn translate 
to a rating of an ‘Established EBP’. This is a vast differ-
ence from the original score. It could be argued that this is 
a weakness of the quality assessment, which allows rela-
tively small omissions to have such a large effect on ratings; 
however, as discussed previously, participant information 
is a vital component in the establishment of external valid-
ity therefore collecting and reporting key information is of 
crucial importance. Interestingly, no group research design 
studies were rewarded an acceptable rating for the partici-
pant indicator, whilst 15% (n = 3) of single subject research 
design studies scored an acceptable rating. This may allow 
for conclusions that single subject research design holds a 
higher standard of research rigor in comparison to group 
research designs. It is also important to note that only 36% 
(n = 10) of the reviewed 28 studies included maintenance or 
follow-up probes. Again, of these studies just 25% (n = 2) 
of group research designs showed evidence of maintenance 
probes whilst 50% (n = 10) of single subject research designs 
reported this variable. This adds to the conclusion that a 
single subject research design may hold itself above group 
research design in research quality and the individualised 
nature and repeated measurements are more suited to the 
heterogeneity of behaviour analytic interventions. Of all 28 
studies, just 30% (n = 3) had promising follow-up data. This 
should be a prioritised area of focus for future research.
Current research surrounding telehealth interventions as 
a means to train interventionists, although still limited, is 
progressing. The limitations we have identified will aid in 
the development of methodologically strong studies The use 
of telehealth is not aimed to replacing face-to-face behav-
ioural interventions but to complement or boost their results. 
Future reviews are needed to assess the outcomes of a com-
bination of telehealth and face–face models of delivery, 
which were excluded from this current review. Addition-
ally, all eligible studies were conducted in the United States, 
therefore future research should focus on the feasibility and 
cost effectiveness of similar provisions in different coun-
tries in which cultural differences might impact on existing 
models.
In sum, this systematic review suggests that training 
interventionists to implement behaviour analytic provisions 
for children with ASD via telehealth is feasible and effec-
tive. Small improvements in research rigor could lead to 
this delivery model being deemed an EBP. Future research-
ers should familiarise themselves with quality indicators to 
ensure methodologically robust research is conducted.
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